SUMMARY Factors related to individuals becoming inactive with respect to clinic visit attendance as well as factors related to returning to the active state after becoming inactive in the Hypertension Detection and Follow-Up Program (HDFP) were investigated using survival analysis methods and a two-state regression model specifically designed for this application. Patients were significantly more likely to move from active clinic attendance to inactive if they were younger, had lesser educational attainment, were unemployed, were cigarette smokers, or had lower baseline diastolic blood pressures. The tendency for an inactive clinic attender to return to active attendance was greater if the patient was younger, black, or had higher baseline diastolic blood pressure. Differences between centers regarding clinic attendance were also significant. (Hypertension 4: 710-715, 1982) KEY WORDS * attendance * life-table applications • hypertension two-compartment regression model
I
N 1972, the National Heart, Lung, and Blood Institute initiated the Hypertension Detection and Follow-Up Program (HDFP) to determine the effectiveness of antihypertensive therapy in reducing morbidity and mortality from hypertension in the general population. The primary hypothesis tested by the HDFP was whether total mortality over 5 years of follow-up would be significantly reduced in a group of hypertensive patients treated with special programs of systematic antihypertensive therapy (Stepped Care) as compared with a group referred to the existing medical care system within the community (Referred Care). 1 Defined populations in 14 communities of varied composition across the United States were enumerated and screened from February 1973 through May 1974. Of the total 158,906 individuals screened, 10.940 were subsequently eligible for randomization and follow-up. These participants had a diastolic blood pressure of 95 mm Hg, or above, at a home screen with a subsequent clinic measurement of 90 mm Hg, or above.
Of these individuals, 5485 were randomized to the Stepped Care Group and 5455 to the Referred Care Group. Individuals participating in the special antihypertensive therapy group were called Stepped Care participants since the mode of blood pressure control was to adjust therapy progressively in step-wise fashion until blood pressure of a preestablished goal was reached. Stepped Care participants proceeded through five steps of increasing drug combination potency in accordance with their blood pressure response. The aim was to bring each participant's blood pressure down to their goal blood pressure as rapidly and safely as feasible, and with as little drug as possible. Stepped Care participants were seen at a frequency determined by their clinical status. Most were seen at least every 2 months, and mandatory visits were scheduled every 4 months. The HDFP is described in detail elsewhere. 1 2 Significant reductions in total mortality were shown with treatment among participants whose diastolic blood pressure (DBP) was 90 mm Hg or greater and in the subgroup of participants whose DBP was 90 to 104 mm Hg. 3 4 For proper implementation of treatment, it was important that Stepped Care participants attend scheduled clinic visits. If a participant failed to appear for a scheduled visit, contact was made; if there was a problem, vigorous efforts ensued to encourage and persuade the participant to return to the routine of scheduled visits. The efforts to encourage participation in the HDFP, as in any medical follow-up study, required considerable energy and expense. Follow-up studies could utilize resources much more efficiently if all, or at least most, participants would adhere to their program of medical care. The knowledge gained from this study about factors that influence participation should be helpful in planning future public health programs.
Methods
Several methods were applied to the analysis of factors associated with participation and nonparticipation in the HDFP. 5 By analyzing the length of time that an individual actively participated in the program, the follow-up life-table method was used to generate active rate curves for a large number of subgroups of which several were identified as being of interest for further analysis.
A life-table regression model that utilized Cox's hazard function 6 was applied along with an approach that utilized the multiple logistic risk function. 7 These methods were applied in a preliminary analysis to identify covariates that might influence study participation while measuring the effect of these covariates.
Using the covariables selected in the preliminary analysis, we also analyzed the data with a two-compartment regression model developed specifically for application to this problem. 8 9 This model utilized the multiple logistic function as an approximation to the transition probabilities between two states, active and inactive. Implementation of this model allowed the event of interest (inactivity or nonparticipation) to occur any number of times. Any active participant was at risk of becoming inactive and similarly any inactive individual was at risk of returning to active status. The model estimated the transition probabilities over any number of intervals as a function of covariates. By allowing the individuals being studied to move back and forth between active and inactive states, and by allowing for absorbing states such as death, this model was more general and more closely reflected the pattern of participation during the study. Another advantage was that this model yielded results pertaining not only to variables associated with the tendency to become inactive, but also those associated with the tendency to return to the active state.
Six consecutive intervals of time during the first 2 years of the HDFP, each 4 months in length, were studied. Participants were considered to be active or inactive in each of these intervals depending on whether or not they attended at least one scheduled clinic visit. The HDFP protocol required that each participant attend a visit every 4 months in addition to any other scheduled visits. The assumption required by this method of analysis was that the risk of missing clinic visits was a function of the status of the participant at the beginning of each interval and that it was independent of their status at the beginning of any earlier interval.
Results
A total of 5365 HDFP Stepped Care participants was utilized in the analysis, with only a small number of exclusions (n = 120) because of lack of information on the variables being studied. The variables studied included age, sex, race, education, baseline diastolic blood pressure, baseline employment status, baseline smoking status, and clinical center. Age and diastolic blood pressure were treated as continuous variables while the others were treated as discrete. Table 1 gives the percent of HDFP Stepped Care participants who were active at 2 years for the variables being studied. These percentages were computed for each variable without taking any other variables into account.
The various methods applied gave similar results relative to the effect of the covariates on the tendency to become inactive. Table 2 presents the results of likelihood ratio tests concerning the effect of each of the covariates as indicated by the application of the multiple logistic risk function. These results indicate that age, education, diastolic blood pressure, employment status, smoking status, and clinical center were statistically significant participation factors.
Two Compartment Model Analysis Active to Inactive
Estimated coefficients representing the effect of the six intervals of time are presented in table 3. These coefficients indicate that the interval effect on transitions from active to inactive states became greater in the later intervals. This implies that the probability of an active individual becoming inactive decreased as the study progressed. It is interesting to note that the coefficients corresponding to Interval 3 (1 year) and Interval 6 (2 years) were the largest. In terms of the interval effect on the probability of becoming inactive, this means that the probability was reduced more in those two intervals. In the HDFP, special efforts were exerted to get participants into the clinic for annual exams for data-gathering purposes. 10 As these efforts were successful, the likelihood of becoming inactive was reduced for those periods of time. Table 4 presents the estimated regression coefficients as computed by the two-compartment model and the odds ratio that indicates the multiplicative increase in odds of changing states per unit change in the variable. The age coefficient indicates that older ages had a significantly smaller risk of becoming inactive. The odds of becoming inactive decreased by 2% for every year of age. Sex and race were not significant at the 5% level, although it appears that blacks were more likely to become inactive than whites. The education variable coefficients indicate that individuals who responded "don't know," and individuals with less than a high school education, were at higher risk of becoming inactive than those with a high school education. Those with a college degree or more were at less risk than those with a high school education. Baseline diastolic blood pressure was significant with the odds of becoming inactive decreasing by 1% for each additional mm Hg. Employed people were 80% as likely to become inactive as those who were not. Smokers were 1.4 times as likely to become inactive as nonsmokers. 
Inactive to Active
Analysis of factors associated with inactive individuals returning to the active state was also performed. Estimated coefficients representing the effect of the six intervals of time are presented in table 3. This analysis implies that inactive individuals were more likely to become active in Interval 3 (1 year) and Interval 6 (2 years) than in Intervals 2,4, and 5. This is, once again, consistent with the effort of the HDFP to increase active rates for the annual physical examinations. Table 4 presents the estimated regression coefficients. Factors indicated as significant include age, race, and baseline diastolic blood pressure. Education was not found to be statistically significant. It is still notable, however, that when the various levels of education are ordered according to coefficient, it appears that those individuals with higher education were more likely to become active. Employment status and smoking status, like education, were indicated as significant in the analysis of transitions from active to inactive but not for transitions from inactive to active. The analysis of age indicates that younger people were more likely to become active than older people with the odds of becoming active decreasing by 1% for each additional year of age. This is the reverse of what was implied by analysis of transitions from active to inactive, where older people were shown to be less likely to become inactive. Another interesting result is that race was indicated as highly significant, with blacks being more likely to become active than whites. Recall that in the previous analysis, it was indicated that blacks were more likely to become inactive than whites. This suggests that although blacks were more likely to become inactive they were also more likely to return to the active state and, in general, there was more movement back and forth among blacks. Table 5 summarizes these results.
Discussion
Widely varying rates of compliance with scheduled visits or appointments have been reported. There is little question, however, that at least in some settings lack of compliance in keeping scheduled appointments is a serious problem. It can be an especially serious problem in the setting of a clinical trial where it can lead to health consequences to the individual and, in addition, to difficulties in analysis and interpretation of the data. Goldsmith" has reviewed the analytical problems one encounters due to differing compliance distributions in differing settings of therapeutic trials. Feinstein 12 discusses in greater detail the impact of noncompliance or partial compliance on data analysis in a clinical trial. He also discusses the potential for bias due to compliance problems in large multicenter cooperative trials which, because of the enormous complexity and cost, are essentially nonrepeatable and the results of which may have enormous impact on the scientific community.
A great number of studies have attempted to examine demographic characteristics such as age, sex, and race. As pointed out by Haynes,' 3 the majority of these studies have failed to find significant associations between these demographic factors and compliance (or noncompliance). As Haynes states, most of these studies have been descriptive in design and many were based on selected clinic populations that may not reflect the true situation in the community.
Thus, the finding that older individuals were less likely to become inactive, while it agrees with a minority of other studies, 14 is especially significant since the analysis done here shows an association independent of all other variables listed in table 2. The finding regarding education supports previous findings of a more simplistic analysis from the first year of HDFP. 10 The continued association in this analysis assures us that our previous findings remained through the second annual follow-up. It is unlikely that any unequal distribution of one or more of the other factors accounted for this association. The positive associations of both race and education as shown here may be influenced by socioeconomic status, however, of which we have no direct measure. We must keep in mind that, while many variables were tested to arrive at the list used in this analysis, all possible variables that might affect clinic attendance could not be analyzed nor even collected in a study the magnitude of the HDFP. We must therefore always use some caution in interpreting such findings.
Correlation of attendance to diastolic blood pressure has not previously been reported but is not surprising since both clinicians and patients were aware of the need for treating higher levels of blood pressure. The protocol of the HDFP emphasized the need to treat patients with high levels of diastolic blood pressure. The association with smoking shown here is likely to be a reflection of underlying behavioral patterns perhaps related to the degree of concern about personal health. The fact that employed individuals were more likely to come to the clinic than unemployed individuals, independent of their education level, in conjunction with the fact that the cost of HDFP care to the participant was minimal, suggests that factors other than monetary ones are likely to be important in addressing the needs of the unemployed.
It is of interest that the site of the clinical center activity was significantly related to clinic attendance. This is probably a reflection of yet to be characterized local differences in organization, personnel, and facilities which are seemingly among the most important factors affecting clinic attendance in multicenter trials such as the HDFP.
Factors associated with inactive individuals becoming active have not been previously reported. It is of interest that a number of the characteristics of inactive individuals who become active suggest that they form a group of individuals who were irregular in terms of their appointment keeping status (i.e., not consistently compliant). Age, race, and diastolic blood pressure were found to be associated with an inactive individual becoming active. The younger individuals tended to return more frequently to active status and similarly blacks returned more readily than whites. As expected, those with higher levels of diastolic blood pressure were more likely to resume their clinic visits.
It should be noted that these associations may be partly due to characteristics of the individual participants in the HDFP, but it is also possible that they reflect the differential efforts on the part of the centers in managing the blood pressure control program. It should also be noted that the positive association of clinic attendance with increased baseline diastolic blood pressure and increased age may be due, in part, to a higher frequency in scheduled clinic visits for these individuals. However, the HDFP requirement of a mandatory visit every four months, regardless of other scheduled visits, makes this potential bias slight.
